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(54) Receiver structure in a digital communication system 



(57) A receiver stmcture (1) for a DS/CDMA (direct 
sequence/code <fiv»ion multiple access) digital commu- 
nication system comprises a correlator (3) with a plural- 
ity of correlator-units (4.1 to 4.3) for code acquisition as 
the first step of code synctirontsation of an inoomir^ sig- 
nal which is spread on Hie sender side with a spreading 
code. Since the communication system channel shows 
large frequency offsets, each correlator unit h made for 
searching a spectlic time- and frequence-region by 
Ing a separate despreadlng code fbr correlation against 
the incoming signal (2). The first oorreiator-unit (4.1) us- 
es a replica (5) of the original ^>readjng code which 
means no frequency ofl^t The second correlator-unit 



(4.2) uses a despreadlng code which is a swivelled ver- 
sion of the replica where a swivelling operator (7) rotates 
each segment of the replica by ±n/4 or a murtiple there- 
of. In the chosen ^cample, a frequency offish of ±7 kHz 
of the incoming signal corresponds to a rotation of the 
n-th segment by an angle of ±((n - 1) * nfA). The third 
conelator-unit (4.3) ateo uses a swivelled code. The 
swivelling operator (6) rotates the n-th segment by an 
angle of ±((n-1) * n/4\ con^sporKfing in the example to 
a frequency offeet of ±12 kHz. For easier implementa- 
tion of ttie correlator the symbol values of the symbols 
at phase offsets of ±x/4, ±TtiJ4, ±5*7iM and ±7V4 are 
taken as (±1 ±j) instead of 0.5^2* (±1 ij). 




Fig. 1 
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Description 
Technical Field 

s [0001] The inventbn relates to a receiver structure with a norHX>herent correlator for acquidition of a direct sequence 
spread-spectrum signal in a digital communication system, the signal Mng spread with a sprea<fing code. The corre- 
lator comprises a plurality of oorrelatorHinits where each of these correlatorHinits Is made for searching a specific time- 
and frequency^fegion. The Invention also relates to a digital communication system with a l^asestalion and a pluraDty 
of mobile terminals, where the t>asestatbn or the mobile terminals comprises such a receiver structure as well as a 

10 correspoTKfing correlator and a process for non-ooherent acquisition of a direct sequence spread-spectrum signal. 

Background Art 

[0002] Spread-spectrum (SS) modulation is a widely imown tedinique for ^nai transmission in a digital communi- 
ty cation system. Such systems are called CDMA (code (ivision multiple access) systems. 

[0003] In a d'rect sequence CDMA (DS/CDMA) communication system a narrowliand signal is spread in bandwidth 
t>y multiplication with a spreading code sequence on the transmitter side. The symbote of the signal and the ^Heading 
code values (chips) can be real or complex valued with values of for example 1 and 0 or 1 and -1 . To restore the original 
nan-owband signal at the receiver side the received signal has to be despread l>y multiplication with a de^)readmg 
20 code which is a replica of the spreading code sequence. For a conect restoration of the original sigr^ the despreading 
code has to be synchronised wHh the received signal. Synchronising can be divided into two phases, an initial acqui- 
sition phase and a traddng piiase. Irutial acquisition usuaDy results in synchronised code chip piiases of the received 
signal and the despreading code within a range of a small fraction of the chip interval. Then the Iraddng pfiase hoids 
the code sequence In this range. 
25 p004] Initial acquisition when no frequency offset is present in the received signal is a well researched area If the 
phase of the carrier of the received signal Is loiown, coherent acquisition which can be easily implem^ted, can be 
performed. As ttie earner phase is unknown in most cases non-coherent acquisitk>n has to be used. The determination 
if a signal is present is usually done by performing coirelation of the despreading code against the received signal. If 
the received signal has a frequency offset, as for example in sateDite transmission systems, a substantial degredation 
^ or even fiaiture of tiie correlation process results. 

[0005] A commonly used method of solving this problem is to provide multlple correlators at the recover where each 
con-elator has a different frequency rotator at the front end. 

[0006] This however Increases the number of conelators by the number of frequency bins used and therefore would 
increase the complexity of a liardware realisation. 

as 

Summary of tiie Imrantlon 

[0007] it is therefore an object of the present invention to provide a receiver structure of the afbremOTtioned Idnd 
which enables low complexity receiver solutions while offering reliable timing acquisitbn perfonnance over the whole 

40 frequency range of interest 

[OOOq This object can be achieved with a a receiver structure defined by Claim 1. According to the invention the 
receiver structure comprises a non-coherent correlator for acquisition of a DS/SS sigr^ In a digital oommunicallon 
system. Prior to the trarmmlssion of the signal from the sender to the receive the signal is spread at the serxierside 
with a spreading code. Such a spreadng code for example a pseudo-noise sequence (PN-sequence) oon^sts of a 

45 piiA'aBty of chips with binary values. For conelatton of the received signal with a plurality of codes with a difPersnt 
frequency offset the correlator comprises a pturalify of correiatxnjnits where each correiatDr-unit is made for searching 
a specific time- and a specific frequen<^egion. instead of providing each correlator-unit with a different frequency 
rotator at the front end. each conelator-unit uses a dHfisrsnt despreading code for determinaton of the correterfion with 
the recehfed signal. In this case the despreading codes are not repiicas of the original spreading code but are swivelled 

so versions thereof. TTiat means each despreading code consists of a pluraBty of chips, where each chip is the result of 
a phcffie rotation of the corresponding spreading code chip with a complex swivelling fector. The swivelling factors are 
chosen such that their phases are ± x/4 or a multiple thereof. 

[0009] A receiver structure as described above allows implementation of correlators for code acquisition with very 
little performance loss. As will be shown later the choice of (and multiples thereof) as the phase of the swhreDing 
S5 factors pennits realisation of high speed correlators with a very low oompl^dty. Further no special dedicated carrier 
has to be used to estimate the frequency offset, which minimises the need for additional t>andwldth. 
[001 <a Since swivelling of the code chips is an indication tor the frequency offset considered in the despreading code, 
the swivelGng factors of two successive chips of the despreading code prelierably are chosen such that their phases 
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are either identical or differ only by an angle of ± n/4. 

PIO1 1] In a preferred embodiment of tfie invention tfie swivelling factors are chosen such tfiat the resulting chip of 
ffie despreading code lies on the unit square in ttie complex plane. In other vmds: The amplitude of each swivelling 
feictor 18 chosen such that the amplitude of the resulting synrtbd of the despreading code with a phase that is an even 
multiple of ± n/4 is equal to 1 and the amplitude of the resulting symbol of the despreading code with an phase that is 
an odd multiple of ± rU^ is equal to V2. Therefore under the assumption that the values of the chips of the spreading 
code are normed to 1 , the possible complex chip values of the despreading codes are: (1 ^ 0), (1 j), (0 0, (-1 J), 
(-1+0).Mi).(0.j)and(1-j). 

[0012] The choice of these specific swivelling factors fadlitates the easy computation of the corr^lex products be- 
cause complex multplicattons are avoided. A Phase rotation of a symbol which lies on a comer or in tf)e middle of an 
edge of the unit sqimre can be computed by simply adding and subtracting real and imaginary components of the 
symbol and tfie swivellmg factor in the right manner. 

[0013] In a digital communication system with a basestation and a plurality of mobile terminate the described receiver 
structure can be i^ed either in a recewer of the basestation or in a recover of a mobile terminal. However, Implemen- 
tation in the basestation is seen as the major application of the invention. 

PI014] The technique is independent of the actual frame format or the exact spreading/scrambling formats utiBsed 
on the up- and the downlink. It can also cope with signals where tirrdng drift occurs. 

[0015] Such digital communication systems comprise for instance CDMA satellite or radar systems where large 
frequency c^Tsets occur due to fast moving ofajects such as a sender andfor reoeiveror a signal, reflected from an ofaj^. 
[0016] In principle the invention can advantageously be applied to every non-coherent correlator fi^r code acquisition 
in any DS/CDMA digital communication system where teige frequency offeets occur. 

[0017] In a process according lo the invention fDr non-coherent acquteltion of a DS/SS signal by conelation ctf a 
de^HBading code against the received signal, the main ctmracterlstic is to use a despreading code whm the ptiase 
of each complex valued chip is a multiple of ± tUA. 

[0018] There are several ways for realisation of this process. It can be realised iiteraiiy by swh^ling each chip of the 
spreading code according to the frequency oftet to cope with. Instead of first swivelling the chips and then nujitipiying 
them by the incoming sequences, the chips can be swivelled after being sign changed with the corresponding chips. 
Such a realisation of this process Is given in the following preferred embodiment of this process, specifically those 
parts of the processfor correlation of the signal and the despreading code. It comprises the following steps: 

a) Rrst a plurality of data taps is generated by sampling the received signal at a sampling frequency. 

b) The data taps are divided into their reel component and their imaginary component. 

c) For the real aiYd the ma^x)spf component separately a plurality of sign changed values is g^)erated tiy sign 
changing each data tap with the conesponding chip of the despreading code, which at this stage is the same as 
the spreading code. 

d) The sign changed values then are subdivided In a plurality of segments by simply summing up red and imaginary 
components of Ihe symbols of a segment separately. Nuntber and length of the segments depend on the frequency 
offset to be searched and even the segments for one specific despreading code (that meansfor a specificf^uency 
offset) may have (fifHsrent lengths. These segments permit a faster correlation of the sigr«l wHh the code. 

e) By adding and subtractmg the real and ima^nary components of the segments in a gh^en manner the segments 
then are swNelled according to the conoemed frequency offisel 

f) A chq> sample of a correlation result is obtained by accumulating the complex values of the swivelled se^nents. 

g) Followf ng the determination of this complex value the absolute value is talcen. Pr^ierably the absolute value is 
taicen as the sum of the absolute values of its components instead of the the square root of the s^ 

values of the components. 

h) Rnally. correlation Is completed by computing the correlation vadue over an entire data symbol through accu- 
mulating over a number of symbols. 

[0019] In another preferred OTibodiment of the process according to the invention the correlation value is compared 
to a predefined threshold in order to decide if acquisition can be declared or not If the correlation value exceeds tfre 
threshold aKX|uisition is declared and despreacfing of the reoehred signal with coned time and frequency oflset of the 
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despreading code can be started. If the correlation value does not exceed the threshold acquislt'on is started again. 
[0020] From the following detailed description and from all the claims as a whole it will be dear to a person skilled 
in the art, that there exist more advantageous embodiments and combinations of characteristics of the invention. 

Brief descrfpflon of the diBwings 

[0021] The drawings used Ibr illustration of the examples show: 

Fig. 1 A schematic diagram of a receiver structure according to the invention; 

Fig. 2 the possible complex values of the despreading codes; 

Fig.3 a schematic diagram of the power loss of the correlatDr of figure 1; 

Fig. 4 a schematic diagram of an exemplary realisation of a correlatorHintt and 

Fig. 5 a sdiematic <Sagram of the adder tree used for sequence segmentation. 

[0022] In principle in the drawings the same objects are given the same reference signs. 

Ways of carrying out the invention 

[0023] Rgure 1 shows a schematic diagram of a receiver structure 1 according to the invention. It only stiows those 
elements of the receiver structure 1 that are essential for illustration of the invention. Some components such as an- 
tenna, down converter, sampler, descrambler, modulator, decoder etc. are not drawn. 

[002^ The signal which Is sent out by the sender is transmitted over a channel in a DS/CDMA dipal communication 
system. The ctrannel may have fast and/a- slow fading, multipath spreading and additive white gaussian noise (AWGN). 
The digital communication system is assumed to be a satelOte communication system where large frequency offsets 
may occur due to fest moving of sender and receiver respectively. The Frequency olYsets can be In the order of the 
symbol rate, that is, for example 15 id-lz. 

[0025] In a first step the despreacfing code has to be synchrcHiised with the Incoming signal In time and frequency. 
For this purpose \t)e signal that Is spread with a spreading code is correlated with a despreacfing code. In the state of 
the art, this despreading code is an exact, locaOy generated replica of the spreading code which is correlated with the 
received si^ial by using multiple correlator-units with differerrt frec^ency rotators. The invention does not use exact 
replicas but for covering <fififerent frequency offsets it uses corresponcfingly swivelled despreading codes. Figure 1 
shows a correlator 3 with three correlator-units 4.1 , 4.2, 4.3 for frequency offsets of 0 kHz, ±7 kHz and ±12 kHz. 
[0026] It Is to mention that the chosen values of ±7 kHz and ±12 klHz for the swivelling of the de^readng code are 
only mampie values. Depending I.e. on the expected Irequency offeet of the real communicatton channel other values 
could be appropriate. 

[0027] The first correlater-unit 4.1 correlates the received and down converted tignal 2 with a despreading code 
which not swivelled at all and therefore identical to the tocaDy generated replica 5 of the spreading code. TTie per- 
foniied correlation relates to a frequency offset of 0 klHz. 

PKI28] The third conreiater-unit 4.3 correlates the signal 2 with a despreading code whk;h is swivelled according to 
a frequency offset of ±12 kHz. The n-th segment of the despreading code is computed by taking the n-th segment of 
the spreading code repik:a 5 and swivelling, that means rotating It Ivy an s^propriate angle of ±((n-1 ) * rUA). That means 
that every segment is once more swivelled by nfA than its preceding segment. Tills swivelling is IrKficated by the 
swivelling operator 7 which is drawn as a drde with a 360 degree arrow in it 

[0029] The second correteter-unit 4.2 correlates the ^nal 2 with a despreading code which Is swiv^led according 
to a frequency offset of ±7 kHz. The n-th segmertt of the despreacfing code Is computed by taking the n-th segment of 
the spreacfing code replica 5 and swivelling it by an angle of ±({n - 1) * n/4). That means tfud every segment \3 once 
more swivelled by 3c/4 than its preoe<fing segment. Since this swivelling has approxfrnately only half the speed than 
the swivelling operator 7 it is indicated by the swivelling operator 0 which is drawn as a circle with only a 180 degree 
arrow in it 

[0030] The resulting despreading code symbols are one of the following complex numbers: (1 + 0), 0.5W2*(1 ^ J). 
(0 + j), 0.6W2*(-1 + Or (-1 ♦ 0), O.SSr{'^ H). (O - J) and 0.5*Vr(1 - j). 

[0031] In the sense of a simplified Implementat'on of the swivelling and the con^eiation the symtKM values with an 
angle that is a odd multiple of n/4, that means the symbols 0.5*V2*(1 + j), 0.5*V2*(-1 ♦ j), 0.5W2*(-1 i) and 0.5*>/2*(1 
- j) are replaced by chips with the same angle but whteh tie on the unit square Instead of lying on the unit circle. Therefore 
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the possiW© values of the despreading code chips are (1 + 0), (1 D, (0 + j), (-1 + j), (-1 ♦ 0), (-1 - (0 - j) and (1 - J) 
which are shown in the diagram of figure 2. 

[0032] Rgure 2 shows a real axis 10 and an Imaginary axis 11 building a complex plane wfuch Is perfectly suitable 
for illustration of these symbols. The unrt circle 12 and the unit square 13 are likewise drawn. Each possible symbol Is 
represented as a symbol vector 14.1 to 14.8. 

[0033] As an example the following table shows the despreading code for a system with a processing gain of 8 and 
a symbol rate of 1 00 Hz. Although processing gain and symbol rate have unrealistic values this example is very suitable 
to show the swivelling results. 



symbols of a non-swivelled code 


corresponding symbols of the code with an olfeet of 


OHz 


+ 100 Hz 


-100 Hz 


+ 50 Hz 


-50 Hz 




♦1 


+ 1 


1 


1 
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1 




*j 


i 


+1 +1 


♦H 




-1*J 


-H 


+1+j 






-1 


-1 








-H 






■1 




■i 




-1+j 


-H 




♦H 




-1+j 


-H 



[0034] As can be seen ttie correlation of these values Is simply the ad<fitton or sut>traction of real and imaginary 
components. Complex muftipilcatlon functions are avoided and the complexity of the conetetor-units 4^ and 4.3 is 
therefore the same as the one of the 0 Hz frequency oifeet oorrelatorHinit 4.1 because the Input signal is assumed to 
bo complex ^lued. 

[0035] After correlation, a decision device 8 chooses which time bin/frequency bin combination is the one to use for 
despreacfing the incoming signal 2. TTils is done by comparing the correlation results of each ccrrelator-untt 4.1 to 4.3 
to a threshold. If the threshold Is crossed acquisition is declared and an initial frequency bin 9.1 and an initial time bin 
9.2 is output Then despreadrig of the s^nal 2 can start and synchronisation is held by other units such as a DLL 
(delay locked loop) for timing synchronisation and a AFC (automatic frequency control} or a FFFE (feed forward fre- 
quency estimation) for more accurate frequency synchronisation. 

[003q Perfonraince of the correlator 3 is shown in figure 3. Here the loss 16.1 , 16.2 of the swiveDIng correiator-unit 
4.2 ti7 kHz) and the foss 17.1, 17.2 of the swivelling oorrelator-wit 4.3 (±12 kHz) is compared to the foss 15 of the 
noTKSwivelllng correlator-unit 4.1 (0 kHz). On the abscissa 181s shown the frequency from -15 kHz to -i-l 5 kHz in steps 
of 5 kHz. On the ordinate 19 Is shown the power loss from -5 dB to dB in steps of 1 dB. It has to be noted that the 
toss 15 of the correlator-unit 4.1 has been normalised against the conelator-units 4.2 and 4.3 as the at>80lute amplitude 
of the correlations is 1 compared to 0.5*(V2+1) of the others (as can be seen from the table abcve). 
1)0037] Rgiffe 4 shows an exemplary irr^ementatton of the correlatorHinit 4 J2. It Is assumed that the oorrelator-unlt 
4.2 has 256 correlator taps, the symbol rate is 15 kHz, the Irequency offset bins to consktor are ±7.5 kHz and the 
oversampllng factor is 4. 

[003q The signals 2 are at the baseband frequency and are Input to the correlator as real and imaginary components. 
Ttiese are written to a first and a second data shift register 21.1 and 21 .2. The despreadkig code or rather the replica 
5 of the ^>rea(fing code which usually is tocaliy generated is stored In the code regteter 22. The ler^ of the data shift 
registers 21.1, 21 2 depends on the number of chips per symbol and the oversampiing fador. In this case the length 
is 1024 (= 266 * 4). So every 44h register is tapped. In sign ctoigers 23.1 and 23.2 each of the 256 tape Is first sign 
changed by the conesponding code register 22 cell content. Tlie resulting values then are added to a plurality of 
segments for the real and the imaginary components. In the case of frequency offset bins of ±7.5 kHz the sign changed 
values, as sfiown in ligure 4. are segmented into 4 segments 24.1 to 24.4 for the real components I and 4 segments 
24.5 to 24.8 for the imaginary components q. TTie length of the segments reflects the swivelling for the corresponding 
frequency bin. The larger the frequency offset is the smaller are the segments whkii are bullL 
[0039] After segmentation follows the swivelling. The swivelled segments (l^i-jQ) are built according to the formula 
G+JQ) = (a+jb)*G^jq)» where (a^jb) is the swIveOIng factor for the different angles. 

[0040] Here the segments are swivelled by 0, n/4, 2*n/4 and 3*jtf4 by adding the segments as shown in the following 
table which results In swivelled segments 25.1 to 25.6. 
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to 





+7.5 kHz 


-7.5 kHz 


segment 


swivelled by 


Adder 1 


Adder Q 


swivelled by 


Adder 1 


Adder Q 


24.1/24^ 
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+i 


+q 


0 


+i 


+q 


24.2/24^ 


7d4 


+i +q 


-i+q 




♦i-q 


♦i+q 


24.3/24.7 




+q 


-i 


-2*irf4 




+1 


24.4/24.8 








•3*n/4 


-i-q 





[0041] The Accumulators 20.1 and 20.2 accumulate the complex values of the swivelled segments 25.1 to 25.8 to 
chip samples. Then the atisolute value for each chip sample is determined with evaluation devices 26.1 and 26.2. The 
abeolute value of the chip samples (HjQ) are not computed as the square root of its squared components but as the 
sum of the absolute values off its components. To compute the result for one symbol of the correlation, the following 
adders 27.1 and 27 J2 add up the at>solute values which are written to shift registers 28.1 and 28.2. 
[0042] These resutta are added for each conetator position to build the sum over several symbols. To detemilne if 
the right trequency bin b found and acquisition can be declared, a threshold detector 29 ch^to. if this sum over several 
symbols exceeds a given ttirashokl. If yes, acquisition is declarad and the evaluated timing and frequency values are 
used to start the code generator for data despreadlng at the right phase. If it does not exceed the threshold the acqui- 
sition process » started again. 

[0043] Rgure 5 shows the adder tree for building the segments before the swivelGng operation for 0 Hz, ±7.5 kHz 
and +12kHz. It starts with the sampibig input 30 that is 256 sampled taps of the real or imaginary component of the 
received and dowrvconverted signal 2. The first stage 31.1 comprises 128 adders and builds the sum over 2 taps of 
the sampling input 30. The second stage 31 St comprises 64 adders and builds the sum over totally 4 taps. The third 
stage 31.3 compises 32 adders and builds the sums 32.1 to 32.32 each over totally 8 taps. The fourth stage 31.4 
comprises 16 adders and builds the sums 33.1 to 33.16 eocih over totally 16 taps. The fifth stage 31.5 comprises 8 
adders and builds the sums 34.1 to 34.8 each over totally 32 taps. The sixth stage 31 .6 comprises 4 adders and builds 
the sums 35.1 to 35.4 each over totally 64 taps. The seventh stage 31 .7 comprises 2 adders and buikJs the sums 36.1 
and 36.2 each over totally 1 28 taps. And the eighth stage 31.8 comprises 1 adder and bulkJs the sum 37 over all taps 
of the ^mpling Input 30. 

[0044] hJowthe segments can be composed: The one and only segment 38 of the real component fbrO kHzfrequenoy 
offeet is the sum 37. The four segments 24.1 to 24.4 (for the real components) for 4:7.5 kHz are the sums 35.1 to 35.4. 
And the seven segments 39.1 to 39.7 (for the real components) for ±12kHz ana bulft as follows: Segment 39.1 h 
composed of the sums 34.1 and 32.5. Segment 39.2 is composed of the sums 32.6, 33.4. 1 and 33.5. Segment 39.3 
is composed of the sums 33.6, 33.7, and 32.15. Segment 39.4 is composed of the sums 32.16 and 34.5. Segment 
39.5 iscomposed of the sums 33.11, 33.12 and 32.25. Segment 39.6 Is composed of the sums 32J26. 33.14 and 33.15. 
And the last segment 39.7 is the sum 33.16. 

[0045] It la to mention that the segments for a specific frequency offset can be of the same length or of diflferent 
lengtr«i. As can be seen the four segments 24.1 to 24.4 for a frequency ofl^ bin of 7.5 kHz all have a length of 64 
tapswhile the seven segments 39.1 to 39.7 fbrtheoffeet bin of 12 kHz do not have all the same length. Six of them 
have a length of 40 taps and the last segment 39.7 has a length of only 1 6 taps. 

PHM6] To summarise ft can be stated that the invention ermbles the realisation of high performance, low oomplexfty, 
highly relteible correlators with minimal additional complexity demand for large fi^uency offsets (compared to the 
symbol rate) In a DS/CDMA <figttal communication receh/er. Such con'elators or receivers respectively are best suited 
lor use in communicatton systems, for example a satelOte oommunicalion system, where large frequency ollisets, mul- 
tipath transnussion, fast or skiw fiadlng and eddftive whfte gaussian noise has to be conskJered. 



Claims 

1. Receiver structure with a norKX)herent conelator for aoquisltkm of a direct sequence spread-spectrum sigr^ In 
a (figital communk:atk»i system, the signal being spread with a spreading code consisting of a plurality of chips, 
the conelator comprising a plurality of correlator-untts and each correlator-unft befrig made fbr searching a specific 
time- and a specific frequen^region, characterteed in that a despreadtng code used by a correlator-unft for 
determination of a corTelatk7n wfth the signal consists of a plurality of symbols, each symbol of the despreadlng 
code being a result of a phase rotaHon of the conesponding symbol of the spreading code with a complex swh/elling 
factor whose phase is ±n/4 or a muttlple thereof. 



A 
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2. Receiver staicture according to daim 1 , characterised in that the phases of the swivefling fectois of two success 
sive chips of the despneading code are identical or differ by ±n/A. 

3. Receiver structure according to any one of claims 1 or 2, characterised In that a amplitude of the swivelling factor 
s is chosen such that a amplitude of the resulting symbol of the despreacfing code whose phase Is an even multiple 

of ±tU4 is equal to 1 and a amplitude of the resulting symbol of the despreading code whose phase Is a odd multiple 
of±n/4ise<F^altoV2. 

4. Digital communication system with a basestatlon and a plurality of mobOe terminals, the basestatlon comprising 
10 a receiver structure with a non-coherent correlator for acquisition of a direct sequence spread-spectrum signal 

serrt by a mobile tennlnal» the signal being spread with a spreading code consisting of a plurality of chips, the 
correlator comprising a plurality of correlator-units and each correlator-unit being made Ibr searching a specific 
time- and a specific frequency-region, eharacterlaad In that a despreading code used by a correlator-unit for 
detennination of a correlation with the signal consists of a piurality of chips, each chip of the despreacfing code 
ts being a resutt of a phase rotation of the corresponding chip of the spreading code with a complex swivelling factor 

whose phase is ±k/A or a multiple thereof. 

5. Digital communication system with a basestatlon and a pluraOty of mobile terminals, at least one mot>ile terminal 
comprising a receiver structure with a non-coherent correlator for acquisition of a direct ^uence spread-spectrum 

20 signal sent by the basestatlon, the signal being spread witii a spreading code consisting of a plurality of chips, the 

oomalator comprising a plurality of correlator-units and each conreiator-iinit being made for searching a specific 
time- and a spedfic frequency^egion. characterised In that a despreacfing code used by a corrdator-unit for 
detennination of a correlation with the ^gnal consists of a plurality of chips, each chip of the despreading code 
being a result of a phase rotation of the conBspondbg chip of the spreading code with a complex swh^llng factor 

25 whose phase is ±nl4 or a multiple thereof. 

6. Non-coherent correlator for acquisition of a direct sequence spread^spectrum signal in a digital communication 
system, the signal being spread witii a spreading code consisting of a plurality of chips, the correlator comprising 
a plurality of correlator-units and each corralator-unit being made for searching a specific time- artd a specific 

30 frequency-region, characterised in that a despreading code used by a correlator-unit for determination of a cor- 

relation with the signal consists of a plurality of chips, each chip of the desprea(fing code being a result of a ptiase 
rotation of the corresponding symbol of the spreacfing code wftii a complex swivefling factor wtiose pfiase Is ±Kf4 
or a multiple thereof. 

3S 7. Process for nor)-cohenent acquisition of a direct sequence spread-spectrum signal In a digital communication sys- 
tem, the signal being ^read with a spreading code consisting of a plurality of chips and leaving a frequency offiset, 
wfiere ttie signal is correlated with a despreading code consisting of a plurality of complex chq>s, charactartsod 
in that a despreading code is used where a phase of each chip of the desprea<Sng code i8dW4 or a multiple thereof. 

40 8. Process acconfing to daim 7, charectMised In that a correlation of the signal and the despreading code is per- 
fbrmedby 

a) generating a plurality of data taps by sampling the received signal at a sampling frequency, 

45 b) dividing the data taps into a real component and a Imaginary component 

c) determining for the real component and the imaginary component separately a plurality of sign changed 
values fcry sign changing each data tap wrtii Vie corresponding chip of the spreading code, 

so d) generating for the real component and the Imaginary component separately a plurality of segments depend- 

ing on the frequency offs^ to be searched by summing up the s^n changed values, 

e) swh^elSng tlie segments by computing a complex value for each segment throu^i adding/subtracting the 
real component and the imaginary component of the segments In a specific manner, 

55 

f) computing a cMp sample of a comelation result by accumulating the complex values of the swKrelied seg- 
ments. 
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g) computing an absolute value of the chip samplee and 

h) computing a correlation value over an entire data symlTol by accumulating the absolute values of the chip 
samples. 

9. Process according to daim 8, characterised in that in step g) the absolute value of the chip samples is taken as 
a sum of the absolute values of the real and the imaginary components. 

10. Process according to any one of claims 7 to 9, characterised In that the correlation value is compared to a 
predefined threshold where acquisition Is declared, when the conelation value exceeds Ihe threshold and acqui- 
sition is started again otherwise. 
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